The aim of the investigation was to determine influence of L-histidine dietary supplementation (P1 0.0%, P2 0.1%, P3 0.2% and P4 0.3%), hybrid line (Cobb 500 and Hubbard Classic) and gender on meat quality and carnosine concentration in chicken breast and thigh muscles. The research was carried out on 184 one day old broiler chickens as 4×2×2 factorial design. Chicken live weight, carcass weight, dressing percentage, absolute and relative shares of main body parts in the carcass, pHi, pHu, colour, drip loss, cooking loss and share force of breast muscle, and carnosine concentration in breast and thigh muscles were determined. L-histidine dietary supplementation significantly affected live weight, carcass weight, weight of drumsticks and thighs, backs and wings, share of back and the CIE a* value (P＜0.05), as well as the content of carnosine in breast muscle (P＝0.003). Hybrid line influenced relative shares of main body parts in the carcasses, except for wings, and the CIE a* value of breast muscle (P＜0.001). Chicken gender affected live weight of chickens, carcass weight, as well as weight of main parts (P＜0.001), except for breast. The results of the investigation showed that dietary L-histidine significantly increased carnosine content in broiler breast muscle. Cobb 500 female chickens of the P4 group had higher carnosine concentrations in breast muscle by 156.61 and male chickens by 150.49 μg/g of tissue than the control group. Cobb 500 broiler chickens deposited more carnosine in meat than Hubbard Classic broilers.
Introduction
Over the past few decades, the world consumption of chicken meat increased, mostly because such meat has positive dietary characteristics and acceptable price. Chicken meat quality can be enhanced through incorporation of carnosine into muscle tissue. This can be obtained in different ways through dietary supplementation into chicken feed. Carnosine is a histidine-β-alanine dipeptide. Due to its physiological role in the organism it is considered to be a bioactive compound. L-histidine, as the dipeptide precursor, is significant for synthesis of carnosine (β-alanine-Lhistidine), homocarnosine (γ-aminobutyryl-histidine) and anserine (β-alanine-3-methylhistidine). Anserine and ophidine are methylated analogs of carnosine and are present only in animal organisms. Muscles of chickens and turkeys, along with carnosine, contain a higher concentration of anserine. Reptiles contain primarily ophidine and very small amounts of carnosine (Boldyrev et al., 2013) .
Human organism can synthesize only carnosine and homocarnosine. These dipeptides are deposited in tissues of different animal species and breeds (Neidle and Kandera, 1974; Abe, 2000; Martinez et al., 2005) . Carnosine content can also be influenced by animal gender, age and breeding (Abe and Okuma, 1995) . Chicken breast muscle has higher content of carnosine than thighs and drumsticks (Plowman and Close, 1988; Intarapichet and Maikhunthod, 2005; Kralik et al., 2010a, b) . Results of studies on enrichment of chicken meat with carnosine through implementation of different dietary treatments indicated the need for further investigations in order to determine most efficient dietary treatment for synthesis and deposition of carnosine in chicken muscle tissues (Tomonaga et al. 2005; 2006; Haug et al., 2008; Hu et al., 2009; Kopec et al., 2012; Jung et al., 2013 and Kralik et al., 2014) .
Carnosine and anserine are important antioxidants, pH buffering agents with antiglycemic and antiaging effect. Also, they can improve meat stability and durability. Furthermore, it is assumed that chicken meat enriched with carnosine and anserine can be considered functional food due to their ability to act as antioxidants by removing reactive oxygen species (ROS), including the oxygen itself and peroxynitrites, as well as their capability to produce chelate complexes with redox-active metals, like iron and copper.
The aim of this paper was to determine influence of dietary L-histidine on carcass and meat quality, as well as carnosine concentration in breast, thigh and drumstick muscles of Cobb 500 and Hubbard Classic broiler chickens through modification of chicken feed. At the same time influence of hybrid line and gender on carcass and meat quality traits will be determined.
Materials and Methods

Animals -Feeding and Housing
The investigation was carried out on 184 broiler chickens (92 Cobb 500 and 92 Hubbard Classic) according to the 4× 2×2 factorial design. During the first three weeks of fattening, chickens were fed the same starter powder diet. At the beginning of the 4 th week of fattening period (22 nd day), chickens of each hybrid line were randomly divided into four groups (23 chickens per group) and fed finisher pellets of modified composition. The group P1 was control (containing 0.39% histidine; 0.0% supplemented L-histidine, while other groups (P2, P3 and P4) were fed diets supplemented with L-histidine (Carl Roth GmbH＋Com Karlsruhe, CELLPURE ® ) in the amounts of 0.1%, 0.2%, and 0.3%, respectively. Sample of feed for histidine analysis was prepared on the following way: the protein-bound amino acids are assayed after acid hydrolysis by medium-pressure liquid chromatography, using the analyzer AAA INGOS 400 with ion-exchange column, ninhydrin derivatization and photometric detection. Ninhydrin dexarboxylates the amino acids to carbon dioxide, ammonium and aldehyde, the reduced ninhydrin then reacts with the generated ammonium, forming a blue complex. Based on the known retention times of standards, the programme classifies the respective amino acids contained in the sample and calculates their amount.
Feeding and watering was ad libitum and automatically regulated. Composition of feeds is presented in the Table 1 SD＝starter diet, P1, P2, P3 and P4 finisher diets; *Premix (1 kg) contains: vitamin A 300,000.00 I.J; vitamin D3 40,000.00 I.J; vitamin E 600.00 mg; vitamin K3 40.00 mg; vitamin B1 20.00 mg; vitamin B2 120.00 mg; vitamin B6 40.00 mg; vitamin B12 300.00 mg; vitamin C 300.00 mg; niacin 800.00 mg; pantothenic acid 240.00 mg; folic acid 10.00 mg; biotin 2,00 mg; choline chloride 10,000.00 mg; iodine 12.0 mg; iron 500.00 mg; copper 75.00 mg; manganese 1,600.00 mg; zinc 1,000.00 mg; cobalt 3.00 mg; selenium 3.00 mg; antioxidant 2,000.00 mg; calcium min. 38.00 g; sodium min. 23.00 g; methionine 55,000.00 mg; lysine 24,00.00 mg; ** Chemical food analysis was performed according to reference methods At the 42 nd day of age birds were weighed, slaughtered and defeathered. Carcasses were processed according to the Commission Regulation (EC) No 543/2008. Unequal ratio of male and female chickens was a result of a random selection and it was determined on a slaughter line.
Determination of Carnosine Concentration
Ten chickens from each group were randomly selected for carnosine analysis in muscle tissues. Muscle samples were prepared according to the method described by Aristoy and Toldra (2004) and carnosine concentration was determined by HPLC device (Aglient Technologies, Santa Clara, CA, USA) with fluorescent detector and Zorbax ODS, 4.6×250 mm column (Aglient Technologies). Before injection with OPA reagens samples were derivatized according to the method by Intarapichet and Maikhunthod (2005) .
Meat Quality
Measurements of meat quality traits included pHi (45 minutes post mortem) and pHu (24 h post mortem) at m. pectoralis major with Mettler MP 120-B digital pH-meter, drip loss of breast meat by bag method (Kauffmann et al., 1992) , colour coordinates (CIE L* a* b*) and shear force (WBSF, N).
Meat colour was determined after 24 h of cooling the carcasses with Minolta Camera CR-300 chromameter and presented as CIE L*, a* and b* (Commission Internationale de l'Éclairage (CIE)). The device was calibrated against white plate (illuminant D65; Y＝93.0, x＝.3159, y＝.3324). Before measuring, a fresh cut was made on the breast muscle allowing it 10 minutes to bloom.
Shear force was determined on the left part of the breast muscle using TA. XTplus Texture Analyser equipped with Warner-Bratzler knife according to modified procedure of Liu et al. (2004) . Briefly, after storing the samples at −20 ℃ for 14 days, meat was defrosted, sealed in plastic bags and cooked in water bath at 85℃ for 25 minutes, following the cooling of the samples at room temperature. From each sample three subsamples (3×1.9×1.9 cm) were taken. Subsamples were then cut using the Warner-Bratzler shear force attachment and maximal force needed for cutting the samples was measured with Texture Exponent 4.0 (Stable Microsystems, UK). Cooking loss was calculated from weights taken before and after cooking the sample and expressed as percent.
Statistical Analysis
The obtained data were analyzed using Statistica for Windows v. 8.018. Multifactorial analysis of variance (MANOVA, 4×4×2) was performed using the GLM procedure for four treatments (P1, P2, P3 and P4), two hybrid lines (Cobb 500 and Hubbard Classic) and two sexes (male and female). Following MANOVA, comparison of means was performed using the Tukey-Kramer test. Significant differences (P＜0.05) between experimental groups were assigned with different subscripts (a, b, c, d, e, f and g).
Results
Influence of Dietary Treatment on Chicken Performance
The effect of dietary treatment, hybrid line and gender on live weight, carcass weight and weights of the main parts are presented in the Table 2 . During the 1 st week of experiment (feeding starter diet), 1 chicken of Cobb 500 in P1, P2 and P4 groups and 1 chicken of Hubbard Classic in P4 group died. In the period of 4 th to 6 th week (feeding of finisher＋L-histidine supplementation), there was no chicken mortality, so the aforementioned losses cannot be associated with the influence of adding L-histidine into feed. Male chickens were significantly heavier that female chickens (P＜0.001). The highest average live weight of male chickens was recorded in Hubbard Classic hybrid (P1 2374 g), and the lowest in Cobb 500 chickens (P2 1976 g). The highest live weight of female chickens was observed in Hubbard Classic (P4 2088 g), and the lowest in Cobb 500 hybrid (P4 1777 g). Dietary treatment (P＝0.040) and interaction of feeding treatment, hybrid and gender (P＝0.038) influenced chicken live weight. Carcass weight was influenced by dietary treatment (P＝0.024), gender (P＜0.001) and interaction of feeding treatment, hybrid and gender (P＝0.042). Hubbard Classic male chickens from P1 group exhibited the highest carcass weight (1696 g), while the lowest carcass weight was observed in Cobb 500 female chickens of P4 group (1266 g). Significant influence of dietary treatment (P＜0.05), hybrid line and gender on weight of thighs with drumsticks, wings and back (P＜0.001) was determined. The investigated factors did not influence the breast weight (P＞0.05). Interaction of feeding treatment, hybrid and gender was statistically significant (P＜0.05) for weight of thighs with drumsticks and weight of wings.
The influence of dietary treatments, hybrid line and gender on dressing percentage and shares of breast, thighs with drumsticks, back and wings are presented in the Table 3 . Dietary treatments did not influence dressing percentage and shares of main parts in chicken carcasses (P＞0.05), except for the share of back (P＜0.05). The influence of hybrid line on breast share, shares of thighs with drumsticks and back (P ＜0.001) was determined. Influence of gender was also statistically highly significant (P＜0.001) for the share of breasts and thighs with drumsticks.
Cobb 500 broiler chickens had higher share of breast meat in the carcass (P＜0.001) than Hubbard Classic broiler chickens. Hubbard Classic broiler chickens had higher share of thighs with drumsticks and back (P＜0.001) in the carcass than Cobb 500 broiler chickens.
Statistically significant influence (P＜0.001) of gender on the shares of breast and thighs with drumsticks was also determined. Female chickens had higher share of breast muscle than male chickens, while male chickens had higher share of thighs with drumsticks in the carcasses than female chickens.
Influence of Dietary L-histidine on Meat Quality
Influence of gender and dietary treatment, hybrid line and 
Influence of Dietary L-histidine on Carnosine concentration in Broiler Muscle Tissue
The effect of dietary treatment, hybrid line and gender on carnosine concentration in breast and thighs of broiler chickens is shown in the Table 6 . Different concentrations of histidine influenced significantly (P＝0.003) carnosine concentrations in breast muscle. The highest carnosine concentration in breast muscle was observed in group P4 of both hybrids and both gender, and the lowest carnosine concentration was determined in group P1. On average, broilers of the P4 group (both hybrids and both genders) had by 130 μg g -1 of tissue higher carnosine concentration than chickens of the P1 group. In the case of dark meat, however, a significant influence of investigated factors was not determined (P＞0.05).
Conversion
Feed conversion (in both chicken gender) of Cobb 500 chicken groups was the following: P1 1.85 kg, P2 best conversion of feed into live weight gain (1.85 kg) was determined for chickens of P1 and P3 groups of the Cobb 500 and for P1 group of Hubbard Classic hybrid. Feed conversion was lower in groups of chickens, which weighed more at the end of fattening period. This was in correlation with the zootechnical principles on efficiency of feed converted into live weight gain (Kralik, 2008 ).
Discussion
In this experiment feeding treatments (supplementation of L-histidine 0.0%, 0.1%, 0.2%, 0.3%) had influence (P＜ 0.05) on chicken live weight, carcass weight and weight of main parts, except for breasts (P＞0.05). Chicken hybrid influenced weight of thighs with drumsticks (P＜0.001), weight of the back (P＜0.01) and weight of wings (P＜ 0.001). The researches of Nikolova et al. (2008) , Petričević et al. (2011) and Abdulah et al. (2010) proved that chicken genotype significantly affected its live body weight, which was also confirmed by this research.
Gender influenced live body weight, carcass weight and weights of thighs with drumsticks, weight of back and weight of wings (P＜0.001). In their researches, Nikolova et al. (2008) , Shahin and Elazeem (2005) , Abdullah et al. (2010) and Petričević et al. (2011) obtained results that are in accordance with results of present investigation when referring to the influence of gender on carcass quality. Hu et al. (2009) investigated the influence of carnosine supplementation on growth performances, carcass characteristics, meat quality and oxidative stability. The investigation was carried out on Arbor Acres broilers divided into three groups: group A was control group, in group B 0.5% of carnosine was added to the feed from 1-21 day and in group C 0.5% of carnosine was added to the feed from 22-42 day. Growth performances were not affected by added dietary carnosine. On the other hand, weights of breast muscles and drumsticks of group B, as well as weight of drumsticks in group C were significantly higher (P＜0.05) than in control group. pH i and pH u values of breast muscle in our research, measured 45 minutes and 24 h post mortem, did not depend on concentration of L-histidine in diets, on hybrid and Kralik et al.: Chicken Meat Quality and Carnosine Concentration Haug et al. (2008) did not determine statistically significant differences in pH values between chicken groups fed diets with histidine and the control group. In this study, pH u values were between 5.98 and 6.03 in Cobb 500 and 5.84 and 5.96 in Hubbard Classic broilers, which are considered normal for breast muscle by Froning and Uijttenboogaart (1998) . Hu et al. (2009) reported that addition of 0.5% carnosine in chicken feed also had no effect on pH values measured in breast and thigh muscles.
In present investigation, breast muscle colour CIE a* was affected by the treatment (P＝0.041), hybrid (P＜0.001), as well as by gender (P＝0.002). Significant interaction was determined between hybrid and gender (P＝0.005). Hu et al. (2009) stated that supplementation of carnosine in diets in the amount of 0.5% caused statistically significant differences in the CIE L* values if compared to the control group.
Drip loss (%), cooking loss (%) and Warner-Bratzler Shear Force (N) of breast muscle were not affected by dietary treatment, hybrid line or gender (P＞0.05), while interaction of these three factors was significant for drip loss (P＝ 0.025). Hu et al. (2009) did not determine that supplementation of carnosine in chicken diets affected drip loss of breast muscle. However, the authors reported increased meat tenderness in experimental groups (P＜0.05).
Present investigation, as well as our previous researches (Kralik et al., 2010a; 2010b) showed difference in carnosine concentrations in breast and thigh muscles. Plowman and Close (1988) also reported that white meat contained higher concentration of carnosine than dark meat. Due to their structural differences, breast muscle has more carnosine than dark chicken meat.
Supplementation of L-histidine into chicken feed highly influenced (P＝0.003) carnosine concentration in breast muscle, but not in thigh muscle (P＞0.05). Hybrid line and gender, however, did not influence the deposition of carnosine in both investigated chicken muscles. The highest efficiency of carnosine synthesis in chicken meat was observed in P4 group of Cobb broilers. If compared to the control group, concentration of carnosine in the P4 group was higher in male chickens of Cobb 500 by 18.10%, in Hubbbard Classic by 16.25%, in female chickens of Cobb 500 by 17.17%, and in Hubbard Classic by 8.66%. Haug et For 1 g L-histidine/kg of feed authors increased 64% of carnosine and 10% of anserine in chicken meat and concluded that Norwegian mixtures contained lower concentrations of histidine than it was necessary for optimal synthesis of carnosine and anserine. The investigation of Kopec et al. (2012) showed that addition of 0.3% of β-alanine into chicken feed did not increase concentrations of carnosine and anserine or their sum in chicken muscles comparing to control group. Vice versa, by adding carnosine (0.265%), L-histidine (0.18%) or combination of L-histidine and β-alanine (0. 18%＋0. 3%) increased carnosine concentration, as well as sum of dipeptides in breast muscle. When analyzing the content of carnosine it is appropriate to include also analysis of anserine content which is generated in reaction of carnosine methylation by action of the enzyme carnosine-Nmethyltransferase, because due to this reaction histidine becomes an integral part of anserine (Boldyrev et al., 2013) .
Investigations of Ogata (2002) showed that supplementation of β-alanine (0.10%), with or without histidine (0.25%) into fish feed did not increase concentrations of dipeptides in fish meat. The results referring to the concentration of carnosine in chicken meat of the mentioned authors are more favorable than ours. The enrichment of chicken meat by carnosine was the most efficient in the P4 groups of both hybrids (supplemented with 0.3% L-histidine when compared to control group (breast meat P＝0.003).
This investigation showed that addition of L-histidine (0.1%, 0.2% and 0.3%) into chicken feed can enrich their meat, especially breasts, with carnosine giving satisfactory carcass and meat quality traits.
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